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(54) EQUIPMENT FOR PLASMA TREATMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an equipment for plasma 
treatment, with which nitriding can be carried out with reduced 
contamination. 

SOLUTION: The plasma treatment equipment comprises a chamber 
1 , a micro wave generator 6 for generating plasma by micro wave 
discharge and an antenna section 3. A susceptor 7 for carrying a 
substrate 12 is installed in the chamber 1. An antenna section 3 is 
mounted at the upper portion of the chamber through a quartz 
plate 15. A silicon crystal 2 is disposed on the inside wall face of 
the chamber 1 from the side face of the chamber 1 exposed in a 
plasma generation region 13 that is a position on which the 
substrate 1 2 is mounted through the upper portion of the chamber 
1 on which the antenna portion 3 is mounted. 
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* NOTICES * 



dPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Plasma treatment equipment with which the plasma was generated in the reaction chamber, it is 
plasma^treatment-equipment-for-perforTning- 

reaction chamber, and the silicon crystalline was prepared in the part which attends the generation field of 
the plasma among the walls of said reaction chamber. 

[Claim 2] Said silicon crystalline is plasma treatment equipment according to claim 1 formed so that the 
generation field of the plasma may be surrounded into the wall part of said reaction chamber facing the 
field located in the generation field side of the plasma from the location of the substrate side introduced in 
said reaction chamber. 

[Claim 3] Said silicon crystalline is plasma treatment equipment according to claim 1 or 2 which is chosen 
from the group which consists of boron, Lynn, and arsenic and which contains one of impurities at least. 
[Claim 4] The high impurity concentration of said impurity in the front face facing the generation field of 
the plasma of said silicon crystalline is plasma treatment equipment [ lower than the high impurity 
concentration in the interior ] according to claim 3. 

[Claim 5] It is equipped between said stage sections and said reaction chamber walls so that the stage 
section and said stage section for laying a substrate may be surrounded from a hoop direction, and it has a 
straightening vane for stabilizing the flow of gas, and is plasma treatment equipment of said straightening 
vane according to claim 1 to 4 with which the silicon crystalline was formed in the front face at least. 
[Claim 6] It has the ring member with which it is equipped so that the substrate laid may be surrounded 
along with the rim of said stage section, and is plasma treatment equipment of said ring member according 
to claim 1 to 5 with which the silicon crystalline was formed in the front face at least. 
[Claim 7] Plasma treatment equipment [ equipped with the microwave discharge section for microwave 
discharge to generate the plasma ] according to claim 1 to 6. 

[Claim 8] Said microwave discharge section is plasma treatment equipment containing the microwave 
generating section for generating microwave, and the plate-like antenna section for emitting the microwave 
generated by the mounting eclipse and said microwave generating section in said reaction chamber in said 
reaction chamber so that abbreviation opposite may be carried out with a substrate according to claim 7. 
[Claim 9] Plasma treatment equipment [ equipped with the high-frequency-discharge section for high 
frequency discharge to generate the plasma ] according to claim 1 to 6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
iOOCM] _ 

[Field of the Invention] Especially this invention relates to the plasma treatment equipment used for 

nitriding of gate oxide about plasma treatment equipment. 

[0002] 

[Description of the Prior Art] For example, in order to meet the demand of low-powerHzing in a personal 
digital assistant machine, thin fllnrHzation of the gate dielectric film in a transistor is hurried, since the 
silicon nitride's having a dielectric constant higher than silicon oxide and the silicon nitride are more 
precise than silicon oxide as part of that, while nitriding the front face of gate oxide and attaining thin film- 
ization of gate dielectric film — reduction of leakage current, and boron — running — etc. — the 
technique to prevent is developed. 

[0003] In order to nitride the front face of gate oxide, plasma treatment equipment is applied. Then, an 
example of the conventional plasma treatment equipment used for such nitriding is explained. As shown in 
drawing 2 , plasma treatment equipment is equipped with the microwave generator 106 and the antenna 
section 103 for microwave discharge to generate the plasma in the chamber 101 and chamber 101 for 
holding a substrate 112 and performing predetermined processing. 

[0004] In the chamber 101, the susceptor 107 for laying a substrate 1 12 is formed. The antenna section 
103 is attached in the upper part of a chamber 101 through the quartz plate 1 15 so that it may counter 
with the laid substrate 112. 

[0005] The antenna section 103 has plate-like conductor 103a, alumimium nitride plate 3b, and slot 
electrode 3c, and is constituted, respectively. 

[0006] The microwave generated in the microwave generator 106 is led to the antenna section 103 through 
a waveguide 105 and the coaxial waveguide converter 104. The microwave led to the antenna section 103 
penetrates the quartz plate 115 through alumimium nitride plate 3b to slot electrode 3c, and is emitted in a 
chamber 101 at abbreviation homogeneity. 

[0007] Moreover, the gas inlet 114 for feeding the nitrogen gas for nitriding etc. in a chamber 101 is 
established in the chamber 101. Moreover, the pressure in a chamber 101 is adjusted for the vacuum pump 
109 for exhausting the inside of a chamber 101 to a chamber 101 by a mounting eclipse and the pressure 
controller 108. 

[0008] Between the susceptor 107 and the wall of a chamber 101, the straightening vane 111 for 
exhausting the gas in a chamber 101 to homogeneity is attached. Moreover, the focal ring 1 10 for 
preventing a gap of a substrate etc. is formed in the perimeter of a susceptor 107. 
[0009] Conventional plasma treatment equipment is constituted as mentioned above. With this plasma 
treatment equipment, especially a chamber 101 and a straightening vane 11 are formed by processing 
aluminum, respectively. Moreover, the focal ring 1 10 is formed from the ceramics or a quartz. 
[0010] When forming a chamber 101 from aluminum, since it is a conductor, the wall surface of a chamber 
101 serves as touch-down potential (ground side) easily, and the plasma can be comparatively generated 
to homogeneity in a chamber 101. Moreover, since thermal conductivity is comparatively highly excellent in 
heat dissipation nature, aluminum comparatively becomes easy to perform temperature management which 
could control degradation of the O ring (not shown) for carrying out the seal of the inside of a chamber 
101, and the outside etc., and includes a chamber 101. 



[001 1] The plasma treatment equipment which, on the other hand, constituted with the quartz the chamber 
pther than the chamber which consists of aluminum is also proposed. 

[0012] The quartz is widely applied in the diffusion furnace etc. from the former, and the washing technique 
is also established to some extent. For this reason, with such plasma treatment equipment, the impurity 
adhering to the wall of a chamber etc. can be washed comparatively easily, and can be removed. 
[0013] 

[Problem(s) to be Solved by the Invention] However, there were the following problems with the plasma 
treatment equipment mentioned above. First, in the chamber which consists of aluminum, in case polish 
processing of the aluminum is carried out, iron (Fe) tends to adhere on the surface of aluminum as an 
impurity. Moreover, sodium (Na) becomes easy to adhere on the surface of aluminum through human 
being s hand. 

[0014] If plasma treatment is performed after impurities, such as such iron and sodium, have adhered to 
the wall of a chamber 101, the adhering impurities, such as iron and sodium, will **** easily by chamber 
101 wall being exposed to the plasma. The reattachment of the impurity from which it was desorbed might 

"^IJercnarrii^^o^ 

[0015] Especially formation of gate oxide is a very important process which influences the property of a 
transistor. For this reason, when such an impurity adhered to the front face of the substrate 1 12 which is 
performing nitriding treatment of gate oxide, the electrical characteristics of a transistor will be changed 
sharply. 

[0016] On the other hand, in the chamber which consists of a quartz, since it is an insulator, the wall 
surface of a chamber cannot be easily made into touch-down potential (ground side), but the plasma 
generated tends to become an ununiformity. Therefore, when especially nitriding treatment was performed, 
extent of nitriding of gate oxide might vary in the substrate side. 

[0017] Moreover, since in the case of a quartz thermal conductivity was comparatively low and heat 
dissipation was not fully performed, the inclination for seal members, such as an O ring, to become easy to 
deteriorate was suited. Furthermore, there was a problem that temperature management of a chamber also 
tends to become instability. 

[0018] This invention is made in order to solve the above-mentioned trouble, and it aims at offering the 
plasma treatment equipment which can reduce contamination and can perform nitriding treatment. 
[0019] 

[Means for Solving the Problem] The plasma treatment equipment concerning this invention generates the 
plasma in a reaction chamber, it is plasma treatment equipment for performing predetermined processing to 
the substrate introduced in the reaction chamber, and the silicon crystalline is prepared in the part which 
attends the generation field of the plasma among the walls of the reaction chamber. 

[0020] A silicon crystalline can remove easily impurities, such as a metal which adhered to the front face 
with the acid. Therefore, according to this plasma treatment equipment, being able to raise the cleanliness 
of the front face of the part exposed to the plasma by preparing a silicon crystalline in the part which faces 
the plasma, and the adhering impurity ****ing by the plasma, and carrying out the reattachment to a 
substrate is lost. Consequently, little processing of contamination can be performed to a substrate. 
Moreover, compared with insulators, such as a quartz, the silicon crystalline which is a semi-conductor 
tends to become touch-down potential. Thereby, it is controlled that microwave spreads along with the wall 
surface of a silicon crystalline, and it can generate the uniform plasma. Consequently, in case 
predetermined processing can be performed to homogeneity in a substrate side, for example, nitriding 
treatment of gate oxide is performed, the nitriding within a substrate side can be carried out to 
homogeneity. Furthermore, since a silicon crystalline is excellent in heat dissipation nature compared with a 
quartz, temperature management tends to perform it and it can control degradation of a seal member etc. 
[0021] As for the silicon crystalline, it is more concretely desirable to be prepared so that the generation 
field of the plasma may be surrounded into the wall part of the reaction chamber facing the field (space) 
located in the generation field side of the plasma from the location of the substrate side introduced in the 
reaction chamber. 

[0022] By this, a silicon crystalline will be arranged by the part substantially exposed to a plasma 
production field. 

[0023] Moreover, a silicon crystalline has the desirable thing as which it is chosen out of the group which 
consists of boron, Lynn, and arsenic and which is included for one of impurities at least. 



[0024] By this, a silicon crystalline will contain the impurity of P type or N type, resistance of a silicon 
prystalline will fall, and a silicon crystalline will approach with the property as a conductor. Consequently, a 
silicon crystalline further becomes easy to become touch-down potential, and can form a plasma 
production field in homogeneity more. 

{0025] Furthermore, when such an impurity is included, as for the high impurity concentration of the 
impurity in the front face facing the generation field of the plasma of a silicon crystalline, it is desirable that 
it is lower than the high impurity concentration in the interior. 

[0026] Thereby, an impurity can prevent it being desorbed from a silicon crystalline and carrying out the 
reattachment on the surface of a substrate by the plasma. 

[0027] Moreover, it is equipped between the stage section and a reaction chamber wall so that the stage 
section and its stage section for laying a substrate may be surrounded from a hoop direction, and it has a 
straightening vane for stabilizing the flow of gas, and the thing of the straightening vane for which the 
silicon crystalline is formed in the front face at least is desirable. 

[0028] Furthermore, it has the ring member with which it is equipped so that the substrate laid may be 

"^IstJrTWr^ 

crystalline is formed in the front face at least is desirable. 

[0029] The generation field of the plasma is also faced such a straightening vane and the ring member, by 
preparing a silicon crystalline in these, washing can remove an impurity effectively and high processing of 
cleanliness can be performed. 

[0030] It is desirable to have the microwave discharge section for microwave discharge to generate the 
plasma as a means to generate the plasma. 

[0031] As for the microwave discharge section, more specifically, it is desirable that the microwave 
generating section for generating microwave and the plate-like antenna section for emitting the microwave 
generated by the mounting eclipse and the microwave generating section in the reaction chamber in a 
reaction chamber so that abbreviation opposite may be carried out with a substrate are included. 
[0032] With plasma treatment equipment equipped with the microwave discharge section which has such a 
plate-like antenna, the substrate of a large area is comparatively made into an object, by preparing a silicon 
crystalline in the wall of this type of reaction chamber especially, as mentioned above, the uniform plasma 
can be generated and processing within a substrate side can be carried out more to homogeneity. 
[0033] Or you may have the high-frequency-discharge section for high frequency discharge to generate 
the plasma as a means to generate the plasma. 

[0034] It enables this to perform high processing of cleanliness also with the so-called inductive-coupling 
type of plasma treatment equipment, or the plasma treatment equipment of a parallel plate mold. 
[0035] 

[Embodiment of the Invention] The plasma treatment equipment concerning the gestalt of operation of this 
invention is explained. As shown in drawing 1 , plasma treatment equipment is equipped with the microwave 
generator 6 and the antenna section 3 for microwave discharge to generate the plasma in the chamber 1 
and chamber 1 for holding a substrate 12 and performing predetermined processing. 
[0036] In the chamber 1, the susceptor 7 for laying a substrate 12 is formed. The antenna section 3 is 
attached in the upper part of a chamber 1 through the quartz plate 15 so that it may counter with the laid 
substrate 12. 

[0037] The antenna section 3 has plate-like conductor 3a, alumimium nitride plate 3b, and slot electrode 
3c, and is constituted, respectively. Two or more openings are prepared in slot electrode 3c. 
[0038] The microwave generator 6, the antenna section 3, and in between, the waveguide 5 and the coaxial 
waveguide converter 4 for turning and leading the microwave generated in the microwave generator 6 to 
the antenna section 3 are prepared. 

[0039] Moreover, the gas inlet 14 for feeding the nitrogen gas for performing nitriding treatment in a 
chamber 1 and the argon gas inlet (not shown) for feeding an argon as plasma gas are established in the 
chamber 1. Furthermore, the pressure in a chamber 1 is adjusted for the vacuum pump 9 for exhausting 
the inside of a chamber 1 to a chamber 1 by a mounting eclipse and the pressure controller 8. 
[0040] Between the susceptor 7 and the wall of a chamber 1, the straightening vane 1 1 for exhausting the 
gas in a chamber 1 to homogeneity is attached. Moreover, the focal ring 10 for preventing a gap of a 
substrate etc. is formed in the perimeter of a susceptor 7. 

[0041] And especially with this plasma treatment equipment, the silicon crystalline 2 is formed in the side- 



face part of the chamber 1 exposed to the plasma production field 1 3. It more specifically migrates to the 
upper part of a chamber 1 in which the antenna section 3 is attached from the location in which a 
substrate 12 is laid, and the silicon crystalline 2 is arranged in the internal surface of a chamber 1. By 
hollowing a part for the center section of the ingot of silicon, this silicon crystalline 2 is formed in the 
shape of tubing, and it is arranged so that the plasma production field 13 may be surrounded. 
[0042] Next, about actuation of the plasma treatment equipment mentioned above, the nitriding treatment 
of gate oxide is mentioned as an example, and is explained. 

[0043] First, hold the substrate 1 2 with which the gate oxide to which nitriding treatment is performed was 
formed in a chamber 1 by the conveyance arm (not shown), a lifter pin (not shown) is made to go up and 
down, and a substrate 12 is laid in the top face of a susceptor 7. 

[0044] While exhausting the inside of a chamber 1 with a vacuum pump 9, and maintaining the pressure in a 
chamber 1 to a predetermined pressure range by the pressure controller 8, for example, introducing the 
argon gas of about 1000 flow rate sccm(s) (1 L/min) in a chamber 1 from an argon gas inlet, the nitrogen 
gas of about 20 flow rate sccm(s) (0.02 L/min) is introduced in a chamber 1 from a gas inlet 14. 
^[0O453=©n-the-other^han 

6. The generated microwave is led to the antenna section 3 through a waveguide 5 and the coaxial 
waveguide converter 4. The microwave led to the antenna section 3 is spread throughout alumimium nitride 
plate 3b, penetrates the quartz plate 15 from opening prepared in slot electrode 3c, and is emitted in a 
chamber 1 at abbreviation homogeneity. 

[0046] While the argon gas which exists in a chamber 1 dissociates and the plasma production field 13 is 
formed in the space between a substrate 12 and the quartz plate 15 by microwave being emitted in a 
chamber 1, nitrogen gas is activated and a nitrogen radical is generated. The part near the front face of the 
silicon oxide formed on the substrate 12 of the generated nitrogen radical will be nitrided. 
[0047] After nitriding treatment is performed to a substrate 12, a substrate 12 is taken out from the inside 
of a chamber 1 , and a series of nitriding treatment is completed. 

[0048] With the plasma treatment equipment mentioned above, as shown in drawing 1 , the silicon 
crystalline 2 is formed in the side-face part of the chamber 1 exposed to the plasma production field 13. 
Silicon is an ingredient usually widely applied as a semi-conductor substrate. That is, compared with 
insulators, such as a quartz, the wall surface of the silicon crystalline 2 tends to become touch-down 
potential (ground side) because it is a semi-conductor. It is controlled by this that microwave spreads 
along with the wall surface of the silicon crystalline 2, and a uniform plasma production field is formed 
above a substrate 12. 

[0049] Consequently, in case nitriding treatment is performed, dispersion in extent of nitriding of the gate 
oxide in the 1 2th page of a substrate can be controlled. 

[0050] Moreover, in the silicon substrate as a semi-conductor substrate, since the washing technique is 
also progressing, such a washing technique is applicable to the silicon crystalline 2 which is the same 
ingredient. For example, impurities, such as a metal adhering to the front face of the silicon crystalline 2, 
are easily removable using acids, such as a sulfuric acid and a nitric acid. 

[0051] The cleanliness of the part exposed to the plasma improving by this, and the adhering impurity 
[ as / in conventional plasma treatment equipment ] ****ing, and carrying out the reattachment on the 
surface of a substrate is lost. Consequently, contamination can perform little high nitriding treatment of 
cleanliness to gate oxide, and the electrical characteristics of a transistor are stabilized. 
[0052] Furthermore, since the silicon crystalline 2 is excellent in heat dissipation nature compared with a 
quartz, it can control degradation of the O ring (not shown) for carrying out the seal of the inside of a 
chamber 1 , and the outside etc. Moreover, compared with the chamber of a quartz, it comparatively 
becomes easy to perform temperature management of a chamber 1 . 

[0053] Moreover, the impurity of suitable conductivity types, such as boron or Lynn, may be introduced 
into the silicon crystalline 2. By introducing the impurity of such a suitable conductivity type into the 
silicon crystalline 2, and lowering resistance of the silicon crystalline 2, the silicon crystalline 2 will 
approach with the property as a conductor. Consequently, the silicon crystalline 2 becomes easy to 
become touch-down potential (ground side), and can form a plasma production field in homogeneity more. 
[0054] In addition, when introducing impurities, such as boron or Lynn, into the silicon crystalline 2, in order 
to prevent that boron or Lynn is desorbed from the silicon crystalline 2, and carries out the reattachment 
on the surface of a substrate by the plasma, it is desirable to set up lower than the high impurity 



concentration in the interior the high impurity concentration in the front face of the silicon crystalline 2 
feeing the plasma production field 13. 

[0055] Moreover, with this plasma treatment equipment, the straightening vane 1 1 and the focal ring 10 are 
formed from the silicon crystalline. It can control that the impurity which adhered on the surface of 
Aluminum pollutes the inside of a chamber with using the straightening vane 1 1 which consists of a silicon 
crystalline compared with the conventional straightening vane formed from aluminum as mentioned above. 
[0056] Moreover, in the focal ring 10 which consists of a silicon crystalline compared with the focal ring 
which consists of the conventional insulator formed from the ceramics or a quartz, it will have the property 
of a semi-conductor. Consequently, the plasma can be made to form in the upper space of a substrate 12 
at homogeneity, as mentioned above. 

[0057] In addition, in a straightening vane 11 and the focal ring 10, the effectiveness mentioned above can 
be acquired by the silicon crystalline being prepared in the front face at least. 

[0058] Moreover, although the quartz plate 15 was formed between the antenna section 3 and a reaction 
chamber, as an ingredient of the part which microwave penetrates, an alumimium nitride plate is also 
""^^plicaKle^tings^ a= "" — — — — - 

[0059] Next, in the plasma treatment equipment mentioned above and plasma treatment equipment 
equipped with the chamber made from conventional aluminum, plasma treatment was performed, 
respectively and contamination of a substrate was evaluated. The 8 inch wafer was used as a substrate. 
Moreover, each impurity adhering to a wafer was measured by ICP-MS (inductively-coupled-plasma 
method). 

[0060] First, for the amount of aluminum (aluminum), with the wafer which performed plasma treatment 
with conventional plasma treatment equipment, the amount of 5x1010 atoms/cm2 and sodium (Na) was 
[ the amount of 1x1010 atoms/cm2 and iron (Fe) of the amount of 1x1010 atoms/cm2 and copper (Cu) ] 
1x1010 atoms/cm2. 

[0061] On the other hand, with the wafer which performed plasma treatment with this plasma treatment 
equipment equipped with the silicon crystalline 2, reducing each above-mentioned impurity element was 
checked. 

[0062] In addition, the microwave generator 3 and the plasma treatment equipment of the gestalt which 
generates the plasma using the plate-like antenna section 3 were mentioned as the example, and the 
gestalt of operation mentioned above explained them. Although this type is the so-called microwave 
excitation type of plasma treatment equipment, a silicon crystalline is applicable also to plasma treatment 
equipments, such as an ECR (Electron Cyclotron Resonance) mold, as plasma treatment equipment of a 
micro excitation mold. 

[0063] Moreover, a silicon crystalline is applicable also to plasma treatment equipments, such as for 
example, an inductive-coupling mold (ICP:Induction Coupling Plasma) and a parallel plate mold, as plasma 
treatment equipments other than a microwave excitation mold. The meaning which applies a silicon 
crystalline especially from a viewpoint which removes the impurity adhering to the wall of a chamber 
effectively with the plasma treatment equipment of an inductive-coupling mold or a parallel plate mold is 
high. 

[0064] Moreover, although nitriding of gate oxide was mentioned as the example and explained as 
processing by plasma treatment equipment, the plasma treatment equipment mentioned above is applicable 
also to processes other than nitriding of gate oxide. 

[0065] It should be thought that the gestalt of the operation indicated this time is [ no ] instantiation at 
points, and restrictive. This invention is shown by not the above-mentioned explanation but the claim, and 
it is meant that all modification in a claim, equal semantics, and within the limits is included. 
[0066] 

[Effect of the Invention] According to the plasma treatment equipment concerning this invention, being 
able to raise the cleanliness of the front face of the part exposed to the plasma by preparing a silicon 
crystalline in the part which faces the plasma, and the adhering impurity ****ing by the plasma, and 
carrying out the reattachment to a substrate is lost. Consequently, little processing of contamination can 
be performed to a substrate. Moreover, compared with insulators, such as a quartz, the silicon crystalline 
which is a semi-conductor tends to become touch-down potential. Thereby, it is controlled that microwave 
spreads along with the wall surface of a silicon crystalline, and it can generate the uniform plasma. 
Consequently, in case predetermined processing can be performed to homogeneity in a substrate side, for 



example, nitriding treatment of gate oxide is performed, the nitriding within a substrate side can be carried 
put to homogeneity. Furthermore, since a silicon crystalline is excellent in heat dissipation nature 
compared with a quartz, temperature management tends to perform it and it can control degradation of a 
seal member etc. 

^[0067] More concretely, the silicon crystalline is prepared so that the generation field of the plasma may be 
surrounded into the wall part of the reaction chamber facing the field (space) located in the generation field 
side of the plasma from the location of the substrate side introduced in the reaction chamber, and a silicon 
crystalline will be arranged by the part substantially exposed to a plasma production field. 
.[0068] Moreover, a silicon crystalline is the thing as which it is chosen out of the group which consists of 
boron, Lynn, and arsenic and which is included for one of impurities at least, resistance of a silicon 
crystalline will fall, and a silicon crystalline will approach with the property as a conductor. Consequently, a 
silicon crystalline further becomes easy to become touch-down potential, and can form a plasma 
production field in homogeneity more. 

[0069] Furthermore, when such an impurity is included, as for the high impurity concentration of the 

~impjritlri^^ 

it is lower than the high impurity concentration in the interior, and, thereby, an impurity can prevent it being 
desorbed from a silicon crystalline and carrying out the reattachment on the surface of a substrate by the 
plasma. 

[0070] Moreover, by preparing a silicon crystalline also in a straightening vane or a ring member, washing 
can remove an impurity effectively and high processing of cleanliness can be performed. 
[0071] It is desirable to have the microwave discharge section for microwave discharge to generate the 
plasma as a means to generate the plasma. 

[0072] The microwave generating section for the microwave discharge section to more specifically 
generate microwave, It is desirable that the plate-like antenna section for emitting the microwave 
generated by the mounting eclipse and the microwave generating section in the reaction chamber in a 
reaction chamber so that abbreviation opposite may be carried out with a substrate is included. With 
plasma treatment equipment equipped with the microwave discharge section which has such a plate-like 
antenna The substrate of a large area is comparatively made into an object, by preparing a silicon 
crystalline in the wall of this type of reaction chamber especially, as mentioned above, the uniform plasma 
can be generated and processing within a substrate side can be carried out more to homogeneity. 
[0073] Or you may have the highHrequency-discharge section for high frequency discharge to generate 
the plasma as a means to generate the plasma, and it enables this to perform high processing of 
cleanliness also with the so-called inductive-coupling type of plasma treatment equipment, or the plasma 
treatment equipment of a parallel plate mold. 
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#©i§;ji]jfeft1Igl5*«*/c. fftJfcJi 1 -6 0^W(C 
!B4£©X7X-?4Kyi£g. 

[0 00 1 ] 

iwu ^(c> y-h^tKw^kccffluensx^xv 

[0002] 50 



« 1 1 2 i^L-cmm<Dmm^mttcn><o9- + w< 1 

0 1 <fc. -?-©5 : - + >^l 0 irt«:XvX-7£-7-f *nj£ 
fe^tc«t«3^-r-2>fci!!)©v-f ^oj^^Sl 0 6*5<fc 
O'T^tXSM 0 3 ££<i;tTl,>5o 
[0004] ^-©^ +■ 1 0 1 rtfCJi, 1 1 2 * 

*gg-r-s/ci?)©-y-fex$ 1 0 iwm'thft-c^z. mm 

^hfclf 1 1 2i^-rSJ:^{c, ft>A10 1© 

_has«cs3i«i 1 5'&^brr>7 : -y-gpi 0 3*sm>3« 

[0 00 5 ] T >7"y-gP 1 0 3 «. ^Ji^iiffiW 
f*l 0 3 a. ^{LT-il/S^-'i'AXb- >3 b*J«fcCXXP 

[0 00 6] v-^^Djg^^gl 0 6CC*j(,>-Cf££l/fc 
v^^d&W. ^jgt«l 0 5*jJ:OlBlW^jS^Sl 0 
4£/rLTT>f : -y-SBl 0 3tCzg*>tt-5. T>7^^g|Jl 
0 3tC^*>n/c-v-r ?am*. gfbTJUS-^AXb- 
|-3b*'6XD, h^S3 cigtS^Sl 1 5£S» 

Lr? + >^n 0 lrttcms^— tcgcst $ tis. 

[0007] Sfc, ft>/<10 1 «Ctt. mt&T'? tc 
ihVt&fiiiX-m***^* 1 0 1 rt{C^tf/c«?>©**X 
i»APl 1 4*J|SW?>n-CU-5 <> S/c. ^t>/<101 
{C«. ^t>^101 F*3*gf»-r<b/c*©*C^>X 1 

0 9«w«n. ETjSUffiisi 0 8tc<tor^ + >^- 

1 0 lF*3©ffi^*5iaS3tlS. 

[0008] -y-feXf 107i?t>A10 l©rtlii 

©ratcw. 1 0 1 n<Dii**.v%— tcp^-r^fc 
#>©sii£«i 1 i«W6<iti,>5. *fc. -y-fex$ 
1 0 7©jgfBtt{j. *«©-rti^*i»±-rsfc««>©7* 
-*xy>yi 1 o#g:we>*-i-ci,>5„ 

[0009] fi£*©X7X-7Mffi$IS»±IB©<i; ^(c^ 
fi££ft*„ C©^7XvjiiI^l-CB. ItK:. ^*>/< 

10 iteioiiiisi ni^-ti-enrjus-^A^finx 

>yi 1 0B-b7i y >?XttMfrhBf&Z1nXI.>2>. 

[0010] r;U5- , i>A#>6?--t'>''<i 0 1 
Z>m-&, «($%©r^-f>^i 0 1 ©ltffi*s^«:Sft& 
^(4 (T-x®) <fc&-?T. ^t^ioirtfc^x 



(3) 



fc. ^-r W<i 0 l ZSfttcU&'gm.blt&tMy^-P'i' 
[0 0 1 1 ] — T^5-^A^6^^^ + >^'C»ffe 

[0012] 8^^6ffi:l5^^«:*Jt, > -r)2:<® 
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[0 02 0] 2"J n /chittf&tCfcoT-e- 
#-C#£. C<D:/7X-y$t!M^gCCj;ft 

v=j x-?K.ms gc^«c-> y n >*ss#4s9:w set 
■e 7" 5 X -7 fcaa $ ft & 8B#©£lffi©?»rf>g * S c i 



[0013] 

[ffcBJIASjS&OJ^i-rSISS] U*»t/fc**&. ±#1/ 

SrflFgJjnXTSKKti* (F e) ifi^mnt^XT =- 

HJ^A (Na) 4>T;U5-^AO*ffiCC«#0-^-r< 20 

[0014] C <D <fc 5 ftifc-^ h y f A& £'©^^*5 
^ + >^'l 0 1 ©rt!£tCtt#L>/ct£^.t^7Xv*/ig£ 
if^i. ft>^10 lF*i!i#X7X-7{CBB;*ft-5>t <fc 

MUTTS. J»L/c*|i6WiS«l 1 2©SlM(cWtt*r 

[0015] f- v mim<ommt \-=>>vz.n 
y- h^fbj&D^fb^s^To-c^&ssi 1 2©*m 30 
6^814*** ^ < ^ttnr * c <t ic «c -> tc, 

[00 16]—*. S^a^fc** + 
[0017]*fc. 53?©*!^ tb&ltt&£«1±*s<£< 

^aH-^tctrbft ft o y>ys?<D->-.»i'8M* 40 

[0018] #2fe9Jtt> JJBWa^jS^TSfcJ&tC^c 
i*ft/cfc©"C&«5. Urg^S**? Ki 

©-et * 7-?xv«is$ig^««-ri c t zmmt-r 

[0019] 

JlUgl*. JKlc.SF«5{crX7X-7?:^3-a-C. sit^ 
rtK^A$nfc»«CCB'T^<0^gl ; Sr*S-r/cJt)<D-7 , 7Xv 50 



X-7?r^fi5E-r?.C«!:*5-C#2>. ^©*SJH. ^rJE©*!!®* 

{b^^i-Jctf^ci^-ct.s. setc. ~>y3>*§in* 

[0 02 1 ] J:')Wfl ! )lc^©-> , ;3>S a B B Wi. Sic: 

tc! 7-7X-7©^S^«*roHtfJ;-5«:S:we>n-C(,^ 

[0022] enters. ^y3>*ssi*«^®WK:7- 
9 X v£fi$3U^ce8 $ g^tcffiS: $ ft £ c <L ic& 

[0023] vya>ifeSi*«. *n>. y>fc 

[0 0 24] Cft«CJ;i3. S^'J 3>i^SWiPMSfc« 

NM©^tt^*^tf c t ec * «p . f y 3 >ite^©fitn 

— tcff^f -5 C £ ifiX t -2> . 
[0025] $ 6<c. ^-©<fc 9 ^^G^J^^tfJS^K: 

[0026] Cft(C<t0. 4^6W^7XvK«fc-,tV 

[0027] s/c stabo*?-- v>si 

i^SPiJSlt:Mrtlli©P^^^»3ft» #*©i&ft££3t 



I*. 

[0028] S6cc. xf-^oMm^-^x. tsg 

3ft&aS£mDffltJ<£^Kg2§$ft£U>ySM*SHI 

-e© >j > vmtwpti < t bmmtc&i/ v * >*sn. 

fcf& 3 tlX t » -5 C t 0 1 ». 
[0 02 9] C ©J: 5 ^"9 x^? 

[0 03 0 ] 7"7Xv?:4sJt5fg<!:l/T. T/^X-7 
£-7 aifflft^tc J: K> £M? Z> tctb<D-7 A Z a #S5fc^ 
»4EMMgO»»*««fcaWBfe|^ ^ =— 



[0031] iomttftcu*. -r^^pjsatmgw*. -7 
-^aifcfcl^-r-Sfctoo-v'-r 4>n$2££.SB<!:. as<t 

[0 03 2 ] c©J:5«rtMRttr>f^*Wr*^-f* 

S©as* s >t*&£;*ft-c. #icc©wx©siE;s©f*3 

[0 0 3 3 ] X^X-y'i^BSfr^^Utb 
T. :/5Xv£it;jfi£j^Ki9^T£fc&©«ja?& 

[0 0 34] cntCfcO. Ofc^SRsS^^SO^^X 
[0035] 

[»B^©HJS©jgM] *^ra©Hife©^SSfc^^^9X 

^mm&mico^xmw? z>. mi sic. 

Xv«i*IB. S« l 2 £iK5gOTi?r5£©*&S£SS-r 
*£«>©* + 1 i. WtW<lrtK^X7t7 
* ntiH&^lc J: «3 Ztcib<D-7 A V nj£f££i§ 6 
fc J: tfT > t^SP 3 t ZffiHX 
[0036] -e©?- + »< 1 rttc«. aS 1 2 £i£gT 

■5fe*©-9-b7'»7*iia:we.n-ct<^„ tsgsft^as 

l2tftfa?Z>£'>tc. ^ + >Ai©Jbg|Hc:e3SSl 5 
*/M.rT>x^aJ3*^0ffwe><arc^,, 
[0037] T>f-^gP3«. -eft-e*vPStK©Mif*3 

gfipgiwweft-ct,**. 

[0 038 ] -7^^ni^4S6 iT^T^SBS tlfflK: 
«. v^D$#|£g6CC:teUT2fc£0/cv^£'nj&£ 

mz&m 4 tft&W h ft T c » «. 
[0039] Sfc, * * >/< 1 (Cttgffci&SfcfT 5 /c«t> 
©gfg#X lrtK£j£tttfc&©#*iSAP l 
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*©t;u=j->*'x^AD (IStif) **W6ft"Ci» 

fc*©K£tf >?'9 **BtftW6ft. E##HSiS8 (c<fc -> 
r 5=- + i rt©0yj#S3Si;* ft*. 
[0040] y-b-xtn >^i©F*aSt©ffl{c 
«. * + i rt©//x5r^>— tcgfm-r S/c&©S£iJitS 

1 lrtWm ^ft-CC^S. */c. ■9-t2 7 , ^7©SHK: 
«. S«©-TftH?:K6lh-r £fctf>©7 * - * X 'J > ^ 1 
io o**a9:W6ftrt>5. 

[0041] c©7"-7Xvj!iffiSigr«. 1# 

t^^,XJ7^BEferaj-3.tc&£^ 

CCtt. 1£1 2#tKg3ft£{4ga>6T>7-:J-S|53#aX 
•ttWfcftTI,* -5 + 1 <D±.2$lCt>tc-?X . 
1 ©F*jgffiCCi^'J:3>i£ B ^&2#i2S:3ftTl<>S„ C© 

3 >*§in*2 fci =i >©-* >=f h © 

4 1 *SP^ : &< 0&< Cttcfco-C^Cc^fiS^ft. X^ 

x-7^sm^i s^axDHtyjcacciea^ft-rt,^. 

20 [0042] ±a5L//cX9 Xvj&S^g©S6fP«C 

our. ^'-h^bisoafkMS^tc^tfr^Bj-r 
[0043] sr. mimm*mztii>y- 

»fiR3ft/cS«l 2*JS^T-A (0^-l±r) KiO^ 
-t- >/-?lF*iK:»lX^U. (HnHi-T) *±T5 

■lfra«l 2*-9-feX^7©±ffi4Ctgg^--5. 
[0 044] ^-f>/<lrt£X2gtf>-X9{C«fc«3 8r«L 
■C . IK)*IJ^IS 8«:«t *)?- + Zs'< 1 F*i©BE^3 *^©H 
^©HK^Nfl/. fct A.«i£fii^ 1 0 0 0 s c c m ( 1 
30 L/m i n) ©T-»l/=f>^X?rT;l/=f ^^X^AO* 1 ^ 
^ + >^' 1 rttc^A-T-Siifctc. i&S#j2 0 s c cm 
(0. 0 2 L/m i n) ©^*fX=S:**X^Aa 1 4*^ 

e^i-v^'irttc^A-r-s. 

[0 04 5]—*. w^Pi&isiigecctsu-c. J^jg 

XTyrl-UZKMfrftZ* T>^8P3tC»*>ftfcv 
-T f PttBSftTil' 5^A7'U-F-3b ©^«ce« 
xo, h^@3 c«:sW6ftfcB3PSP*>e>S3S 
40 SI 5*SjlU"C^ + >>'< lrt^cflS^— {Cfe#$ft&„ 
[0 04 6] ^ + >^*lrttC-7^^Djg*5JJcSf3n-2)C: 
i-C. ^ + >/N*lrt«:m5E-r-5T^3>//^*s»!SU 
•C. Wfc 1 2 i5^S 1 5 i©P B 1©^tC^7X-7^ 
m^l 3*^RS$ft-£.i<!;4>«:. ^^X*sr£tt{b3ft 

j; o as i 2 ±tcjgRS $ ft tcts v 3 >^{kis©*ffija^ 
mtft&it 3 ft s c <b «c ^ 

[ 0 0 4 7 ] «S l 2 tcgft&StftS;* ft/d*. * + > 
/< 1 rt^68S 1 2 Hibr— a©^{fcM8l*^7 
50 T^>. 



C5) 



[0048] ti&Ltc?? x-?mw8imxnz. m 1 

©ISJESB#K: is y 3 >*SH.ft 2 #mt h nx I > z> „ ^ y 
ICit^X is <) n >f£H,f* 2 <DMffi#&ifcm{i ( 7 - X 
1 2(D±^^-^^7Xv^^ii*^gXJn^. 

C0049] -e©*s^ g<k«£«:itr*-fstc> S« 1 2 
®rttc*jwsy- rSrtbjg©g{b©gg©«e>o#£jfp 

JM£££.fcggil&». . _ 



10 



imtrmzm ctmr*s > y a >*§m* 2 icmm-r z 

[o 0 5 1 ] cnccj:*?, x^ xvjcbb;* n •*> §&»©*§ 

o r 0 > /c^*«^*ii8igt i/ -c g«©a® (c »«#-r s 
ci« < -e©*si£. mm&'J>tz < ?»#K©i«<,> 

[0 05 2] 3 6tC> ^U3>|SSfl:2«53lfCJ;b^T 

•>-w5fca)oo'j>y (n^-e-r) wo&itzmm 

[0053] Ste, ->ya>*ga{*2tc^a>i/c«'J 30 
^^^©^^^^^©^^^^AbrfcJ:^., C© 
«k 5 A«cii^^^©^6^4 y =» >*£lif* 2 «cg?A 
Or->'j3>*Sa(*2©fi!n:?rTlf-SC<!:r. ^'J3> 
*SS»2«^iL-r©1±W(cJ:»3ifi^< CiKW. 
-e©M*. ^>y=">iSSft 2*5^lft^{5 (r-X®) (c 

[0054] ^c*s. ^';n>MS(*2{c^P>^fc« ( ; 
>& £®7ttiBi«*A-$'&Ji&. # a >g few y 

^7 XvKioti/'Jn I/ftj&tt 2 6Stt^ or S«© 40 
W 1 3 tCffi-TZ is <J n >«Af* 2 ©gtStCfcW £^125 

[0055] COT-^XTM^tlJ, Sli£« 

i ife<fctf:7*~*xy>yi o#ssy:a>i£&tt*>& 
<!: Jt-< -5 1 is y =i Zs&ikftfr 6 «r SHijfi« 1 liffl 
#bfc^«»*i^f >^'rt?r^-ri©?r«lSfl1-*C<!: SO 
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[0056] £/c. t7 5 ? ^^*/c«S^?>0R83 

tt/cfii*©3e*§{*#> e> ft s 7 * — ti x y > y 1 Jt^s 

t. ->ya>^(*^6fe-2>7*-*^y or 

t*. ^^©ttM^wr^cttc^c^. -e©a&m. ±& 

[0057] ftfc. 1 fe<fc^7*-*xy>d/ 

l o (cfct>r < t fcft®{c» y 3 >jg&f*#s 

^[^^MJ^^^^tjy^^^4gM^Sl. 

Sl 5^SWfc*i, -v-r^PjS^MS-r.5g|5^©W4i 

[0059] »OC> ±a5L.fc7'7X-7^^Stfi£*© 
T;l'i-')ASiOft>A'4iifc7-7X7MgSi 
{CfcC^T. ^•n^n^7Xv*aa«:*6L/r»«©^* 

^x^tc^#b/c§^!gj4 1 c p -ms mm^y 
[0060] *-r. se^^vXvMffi^gtcto-cy 

^Xv^ffi^JSO/c^i^-Ctt^ TA-Si'fA (A 1 ) 
©S«5 x 1 0 ie a t om s/cm J . th'J^A <N 
a) ©fiW 1X10" atoms/cm'. l(Cu) 
©S« lxiCatoms/cm', ^(Fe) ©S 
(Jixi0"at om s/cm'f *^>fc„ 
[0 06 1 ] ZtlicMLX. is')=i>mil,#2Zffix.tc 

^x\t. ±ia^F*«%7c*«c»-r4afeffi^L/ri»5c<t*s 

[0 062] ±ML/fcHJS©^-C», v-f ir a 

!^64S3 <»:^iSt»:©r>7 : -^gR3*fflt>r7*7X-7 , % 
^•T-2.0!Si©7-7XvA!i®^g?r^{c*lf-CUiB^b 

t!!:m$mxihZ&. c©te«:, -7^^PlbiaM©^-7X 

7fflgltlt, fc<h^.(3fECR (Electron Cvclotr 
on Resonance) §2£f<D 7? ^ffi$|g(C 4> y n >ig 

s(**affl-r £ C £ #-C£ 

[0063] */c, v^;? a?^J®l|a^^©77 
m$m.t\sX. tctTLtf.mW&'&M (ICP: mductio 
n Coupling Plasma) ^W^r^SM^y'^ X7*iK 

^ + >^'©f*3lS«:«»^-5^«©?rJa)*W«:^-r its 

[0064] jfc, x^x-v'^ai^gicis^aa.hur 
y- h^{bK©^b*e>l«:WTIftHjL//c*s. ±^utc 

X7 xvjri^sb, y- h mm<D^\m9\<D xa -t 



C6) 



[0 0 6 5] ^Mm^tltc^m(DB^M-r^<X(D^.X- 

H(*3 tOt^T n^Ci $ ft £ . 

[006 6] 

[^©Sft^] #f6?BK:<&£7-7X-?$KiSiS§CCJ:ft 

7*7 XvCCESStf UfttCis 3 >f&H,t*:£^:W -5 C i 
rX^Xv(CBBSft£^C^®©«#g3:Iii«>£C i 

T»ffiCC|?tt»-r£C<*:#&< *5Sfe© 



httMbjg©^biK9i£]Brri£tt«:. ggffirticfcws^ 

{iE35tctb^rS5t^tt«:fl5ft^/c*. fciiUSiSK^S 20 

[0067 ] <fc 0A^Wtc^©~> ') 3 >*SiH{*«. Sft> 
Srt K.mX $ ft fcS®®<Dfi[g^ 6 X^ X v<D£»5;MJjc 

{C s X^Xv<DifiS;M^?raXHtf«i:'5fcS;W6ft-Ct,>S 

BSh*awc»8 nsci tea*. 

[0 06 8] S/c» S/V3>ttAME». #a>. y>*» 
iCflat3R3&>6&4Sp3&»6JS«ft-5^< £ fcl^-rftJfc© 30 

*i r> . > y 3 »&ikmm#£ L x ©teftfc «fc 0ift-^< 

[0069] 3 ^(Di^ft^tt^^tfJg^tC 
». >; n >*§Hft©X5 X-7<DfeS^fcSSty*Btc 

J;0 4>ffi^c£*WSl/<, cft(cj:0> *#&Bj#X5 
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[0 07 0] Sfc. BaEK^>V>^aW«:«»S/*J 3>JS 

[0 07 1 ] 77X7^W5^il/-C, ^7X7 
£ v ^ * p i&femK: J: 0 £fi$rr £ tc#><D-? -i t> a iffiftH 

[o 07 2 ] jcoji&ftwcK. umfommt, •? 

Ix. fc X 7 Xvjfflilt B, ttSWtfcBB «©*«#** 
IMfl«Mttr&C&-C. i^U/cJr^CC. i$>— &X^X 
•3 i^— tCtf 5 C £ tfi-C t Z . 

[0 07 3]*^B, y^Xv^tifSil/ 
T. X5Xv£it5jg&fe^iC£9^^£/ci6©;&JS-<£ 
fi$cmS5£ii*.-c(,>-r&.J:< . cfttcJ:*). t»t>«5>*W* 
^M<D X =7 XvffilggWfWSO 7' 7 X -7 ja® 

[H 1 ] #2693©fl*i©ff28«:^S X9 Xv^lgl 
©— 

[02] SE*©X9 Xv£ag£tg©— |ftffill-C*S. 
[ft#©8MB] 

S'fbTJl'S-^AXU- h. 3c 

5 Jsaat. 6 

7 -y-feX*. 8 EE^MSPS. 9 

7*-*7;*y>x > i i 



1 ^ + 2 
3 a SI*. 3 b 

a^jp>x. io 



8(«. 1 2 S= 

xaiAP. 1 5 



X. 1 3 



77XvS«- 1 4 # 



(7) 
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